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ABSTRACT

Engine burn time and losses due to gravity were
computed as a function of thrust/weight ratio for two missions:
(1) injection onto a translunar trajectory, and (2) transfer
from a 100 nautical mile circular orbit to synchronous orbit
altitude. The variation of the c¢ircularization impulse re-
quired at synchronous altitude with thrust/weight ratio was
also determined.

Data were obtained for two values of specific im-
pulse, one representative of nuclear rockets and the other
of advanced cryogenic chemical rockets.
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Introduction

The purpose of this study was to provide data from
which thrust/weight effects can be evaluated in performance
analysis. Losses due to gravity were examined for transfer
to an ellipse with a specified apoapsis altitude from a 100
nautical mile circular earth orbit. The first case was a
translunar injection burn, and the second was a burn to reach
synchronous-orbit altitude. In both cases, a range of thrust/
weight ratios and specific impulses (I__) of U460 seconds and
825 seconds were considered. SP

In all cases, the equations of motion were integrated
with thrust tangent to the velocity vector (as essentially
optimal steering) until the instantaneous osculating ellipse had
attained the required apoapsis altitude. The fuel consumption
and the equivalent Avtotal (= Ispg 1n wo/wf) are thereby deter-

mined. The differences between the impulsive Avideal required
for transfer to an ellipse of the same apoapsis altitude and

AVtotal is the loss due to gravity.

Translunar Injection Burn

An impulse of 10,250 feet/second, added to circular
velocity in a 100 n. m. earth orbit, was used to characterize
a translunar trajectory. The finite burns were then targeted to
reach the same apoapsis altitude (182,294 n. m.). Thrust to
initial gross weight ratios of .05 - .60 were examined.

The losses for both Isp's are given in Figure 1, and

the burn times in Figure 2.
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Burn to Reach Synchronous Orbit Altitude

An impulse of 8,079 feet/second added in a 100
nautical mile circular earth orbit characterizes transfer to
synchronous orbit altitude. The finite burns were then tar-
geted to reach the same apoapsis altitude (19,441 n. m.).
Thrust to initial gross weight ratios of .035 to .600 were
examined.

The losses for both Isp's are given in Figure 3 and
burn times in Figure L.

For the synchronous-orbit case, the circularizing
AV was also determined. This was computed as an impulse at
apoapsis rather than a finite burn since gravity losses at
this altitude are negligible. These circularizing impulses
are given both with and without a 28.5° plane change (i.e.
changing to an equatorial orbit after a due-east launch from
Cape Kennedy) and for both Isp's in Figure 5. Burnout alti-

tudes (altitude of termination of the finite burn) are given
in Figure 6. The lower thrust/weight levels lead to higher
burnout altitudes. The ellipses assoclated with these higher
burnout altitudes have higher apoapsis velocities which are
responsible for the lower circularizing AV requirements.

Effect of I%E

Initial accelerations are identical for the same

thrust/weight ratio and different Isp's. However the Isp's
define different fuel-flow rates whlch then cause the accelera-

tion histories of the two burns to diverge. This results in
longer burn times and higher gravity losses for the higher Isp

at a given thrust/weight ratio.

A. L. Schreiber
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